Classification and epidemiology
Early AMD is characterised by drusen Z63 mm diameter and hyper-or hypo-pigmentation. A proportion of eyes with early AMD progress to late AMD, that is, exudative AMD or geographic atrophy (GA). In exudative AMD, also termed neovascular AMD (nvAMD), new blood vessels develop which in the vast majority of cases have their origin in the choroid, which subsequently invade the retina (choroidal neovascularisation, CNV). In some cases, the vessels may arise in the retina, retinal angiomatous proliferation (RAP), before anastomosing with choroidal vessels. In other cases, the vascular abnormality may be contained within the choroid: idiopathic polypoidal choroidopathy (IPC). Regardless of the origin and/or the location of the neovascular complex, the vessels are abnormal and allow blood constituents to leak out, causing anatomical disruption, cell loss and eventually fibrosis. GA is a sharply demarcated area of partial or complete depigmentation reflecting atrophy of the retinal pigment epithelium.
A number of classification systems exist but often these have limited applicability in clinical settings. The pragmatic 4-stage grading system validated in the AgeRelated Eye Disease Study (AREDS) is therefore advocated. 1 Three ocular factors predict the progression of AMD: the presence of large drusen (4125 mm, which approximates the size of a normal retinal vein at the disc margin), retinal pigment epithelial abnormalities, and the presence of late AMD in one eye. 2 In the United Kingdom, the prevalence of late AMD has been estimated as 4.8% (95% CI 3.4-6.6%) in those over 65 years and 12.2% (95% CI 8.8-16.3%) in those aged 80 years or more. 3 In the United Kingdom, an estimated quarter of a million adults suffer blindness due to this condition. 4 The natural history of advanced AMD is one of unremitting central visual loss. A longitudinal study of GA found that 31% suffered a three-line loss in acuity within 2 years of diagnosis and that this had increased to 53% at 4 years. 5 A meta-analysis of high-quality trials on nvAMD for which data were available on natural history found that the proportion of patients who developed severe vision loss (46 lines) from baseline increased from 21.3% at 6 months to 41.9% at 3 years. 6 Vision-related quality of life has been shown to decline significantly as early AMD progresses to late AMD over a 15-year follow-up. 7 
Diagnosis
Exudative AMD usually presents with sudden loss or distortion of central vision, but patients may be unaware of the symptoms when the event occurs in the first eye. Fundus fluorescein angiography (FFA) is the gold standard to diagnose CNV due to AMD. Optical coherence tomography (OCT) is excellent at detecting leakage from abnormal vessels. Dynamic high-speed indocyanine green angiography (ICG) is useful to delineate the choroidal circulation more clearly than FFA.
The presentation of GA may be insidious and may be detected on routine optometric examination. If GA is bilateral, patients typically complain of difficulties in reading initially small print and eventually larger print. Fundus autofluorescence (FAF) gives an indication of the health of the RPE. FAF with spectral domain OCT can reveal areas of GA, which may not be clinically visible on biomicroscopy. 8 Macular lesions potentially mimicking AMD include diabetic maculopathy, high myopia, inflammatory CNV, central serous chorioretinopathy, and macular telangiectasia, whereas pattern dystrophies can mimic GA.
Risk factors
Many strong risk mediators for AMD exist that include increasing age, current smoking, and family history. 9 Nutrition has been the subject of great interest, and decreased serum, dietary, and retinal levels of carotenoids have been associated with an increased risk of AMD in some but not all observational studies. AREDS found a reduced risk (adjusted odds ratio 0.72; 99% CIs 0.52-0.98) of progression to advanced AMD in those with at least early AMD (or advanced AMD in their other eye) with antioxidant vitamins C and E, zinc, and beta-carotene. 10 However, the beta-carotene component of the AREDS formulation has been associated with an increased risk of lung cancer in smokers and is therefore not recommended in current smokers. In AREDS2, it was found that elimination of beta-carotene was as safe and effective in terms of risk of AMD progression. 11 In AREDS2, addition to the AREDS formulation of lutein and zeaxanthin, or of omega-3 long-chain polyunsaturated fatty acids, or both, also had no apparent effect on risk of AMD progression. A systematic review of prospective studies of dietary intake found no evidence that diets high in antioxidant vitamins prevent AMD. 12, 13 Although there is insufficient evidence to prescribe dietary supplements routinely in patients with AMD or for the prevention of AMD, eating a diet rich in leafy green vegetables and fresh fruit is recommended.
Unlike other common diseases, AMD is relatively unusual in that several genes of large effect have been reported to alter the risk in a large fraction of patients. At present, the utility of commercially available genetic
Treatment
Historically laser ablation of CNV was the only treatment option. Laser treatment can no longer be justified for most cases of nvAMD, although might still be considered for lesions well away from the fovea, thereby avoiding the time investment, risks, and cost associated with antivascular endothelial growth factor (VEGF) agents. 14 Photodynamic therapy with verteporfin (vPDT) is no longer justified as monotherapy for nvAMD. vPDT is recommended only in patients with IPC, performed within 1-2 weeks of FFA and then as required 3 monthly. 15 Patients should be advised to avoid direct sunlight exposure for 2 days following treatment. Severe vision loss can occur immediately after vPDT in 1-4% of patients, and this may be permanent in a small proportion of cases. Idiosyncratic back pain occurs in 1-2% of patients, which resolves when the infusion is stopped.
Steroids have been used in nvAMD, but current evidence does not support their use either as monotherapy or in combination with other treatment modalities. 16 Submacular surgery has been attempted in nvAMD, but there is no evidence of a visual benefit and a significantly increased risk of cataract and retinal detachment following surgery. 17 Radiotherapy is another treatment modality that has been suggested, but a Cochrane review in 2010 reported no benefit. 18 However, newer evidence on the efficacy and safety of radiotherapy is expected as several clinical trials are ongoing.
VEGF-A is a pro-angiogenic growth factor that also stimulates vascular permeability and has a major role in the pathology of CNV. Anti-VEGF therapies are now the mainstay of treatment of nvAMD. All lesion types of nvAMD benefit from treatment with anti-VEGF therapy, although IPC lesions respond best to vPDT monotherapy or in combination with intravitreal injections of anti-VEGF. Pegaptanib sodium (Macugen, Eyetech/Pfizer) was the first to be approved but now has no role in the management of n AMD. Ranibizumab (Lucentis, Genetech Inc./Novartis) is a humanised Fab fragment of a monoclonal antibody that binds to and inhibits the action of all isoforms of VEGF-A. Two pivotal clinical trials established the superior efficacy of ranibizumab over vPDT or observation only. 19, 20 Aflibercept (Eylea, Bayer) is a fusion protein that inhibits all isoforms of VEGF-A as well as placental growth factor thought to contribute to the pathogenic effects of CNV. Twomonthly aflibercept has been shown to be non-inferior to monthly ranibizumab for nvAMD. 21 Aflibercept was referred to NICE in February 2012 and is now recommended for nvAMD (TA294). Other comparative effectiveness trials have tested bevacizumab vs ranibizumab and have provided strong evidence of equivalence of visual outcomes regardless of the drug used. 22, 23 Currently, ranibizumab and aflibercept carry a label for intraocular administration for nvAMD. As bevacizumab seems to have similar efficacy to ranibizumab, its 'off -label' status should be clearly stated before its use in patients. The European Medicines Authority suggests an approach that is 'patient-centric', treating on as-needed basis. 24 This approach is more likely to avoid undertreatment or overtreatment. Present knowledge does not allow accurate prediction of which patients are at risk of recurrence of neovascular activity. Systemic safety has been a concern given the physiological role of VEGF. A meta-analysis of recent trials showed a small excess of serious adverse events (SAEs) with bevacizumab compared with ranibizumab, with an odds ratio of 0.75 (95% CIs 0.61-0.92). The most common organ system involved was the gastrointestinal tract, and the incidence of SAEs was greater for those treated with prn bevacizumab compared with the mandatory monthly group.
The role of combination treatments, including anti-VEGF agents with vPDT and steroids, is not established. The current College guidelines provide recommendations for the delivery of treatment, criteria for initiation of therapy, continuation of therapy, or temporary cessation and termination of treatment, and details on the method of intravitreal drug delivery. In particular, a multidisciplinary approach is central to patient management. Patients should be advised regarding the potential complications of intravitreal injections and the need for monitoring every 4-8 weeks, depending on the anti-VEGF used, continued for up to and beyond 2 years. Further research is required into appropriate duration and optimal regimen in terms of frequency of injections. It still remains to be seen whether less-frequent dosing of licensed anti-VEGF agents than that used in the pivotal trials will achieve the same visual benefit.
Treatment for non-neovascular AMD is limited and consists mainly of counselling, smoking cessation, rehabilitation, and prescription of AREDS-style vitamins to reduce the risk of progression in those expected to benefit. Clinical trials of novel therapies are now taking place but are not currently available in clinical practice. Intraocular optical aids, such as the Implantable Telescope (IMT) prosthesis (Vision-Care Ophthalmic Technologies, Saratoga, CA, USA), may have a role in some, 25 although careful pre-operative planning is necessary.
Patients with a new diagnosis of AMD must be treated with empathy. Ideally new patients with AMD should not have to wait more than 1 week from referral to clinic and not more than 1 week from clinic to treatment if needed. They should be given information on their diagnosis, risk factors for progression, prognosis, treatment options, registration, if needed, and on supporting literature such as visual rehabilitation and low-vision services, and patient-support organisations. The staff in secondary care should be aware of the impact of diagnosis on patients, and senior ophthalmological oversight should be embedded in quality systems.
